This nonrandomized controlled trial determined the effects of Phoenix dactylifera palm date (Ajwa) intake on the number of infections and hospitalizations associated with fever, neutropenia, and mortality of pediatric cancer patients admitted between 2008 and 2017 to King Abdulaziz University Hospital (Jeddah, Saudi Arabia). Patients were eligible to be enrolled if they fulfilled the inclusion criteria, were not allergic to Ajwa, and were not enrolled in another study. Of 200 screened patients, 56 were included and 144 were excluded. Of the 56, 26 agreed to take Ajwa, and 30 served as controls. Both groups were assessed based on infection rates, frequency of hospital admissions for fever and neutropenia, and mortality rate. Background information regarding demographics, clinicopathological data, and treatment options was documented. Supplementation of Ajwa significantly reduced hospital admissions (for fever-associated neutropenia) and infections (P = .009 and P < .001, respectively). Off-treatment did not significantly differ between the Ajwa and control groups. The Ajwa group had a better survival rate in comparison to the non-Ajwa group (stratified log-rank P = .005), where the main cause of death of patients in the non-Ajwa group was disease progression associated with infections (77%). In summary, Ajwa intake during the standard treatment of pediatric cancer patients improved their treatment outcome.
Introduction
Dates have always been a main source of energy for people living in the Arabian Peninsula, with essential diet components being dates and milk. The use of Phoenix dactylifera L, medicinal plants, and spices in the treatment of various diseases has been reported by the Prophet Mohammed. 1, 2 Dates are highly nutritious and made up of the following substances: fibers, carbohydrates, vitamins, salts and minerals, fatty acids, and amino acids. 3 There are many varieties of palm trees, and the type of date used in this study is the Phoenix dactylifera known as Ajwa, which belongs to family Arecaceae. 4 It is a soft, dark brown date that grows mainly in the Madinah region of Saudi Arabia and is known for its antimicrobial, anticancer, anti-inflammatory, and antioxidant properties and many other efficacies in protecting against diseases. In addition, it has the potential to increase levels of various blood components such as red blood cells, hemoglobin, reticulocytes, and platelet counts and has hematopoietic activity in Wistar rats. 5 Ajwa has similar potential to commercially available drugs such as naproxen, aspirin, and ibuprofen based on its cyclooxygenase inhibitory effects. 6 It has been reported that aqueous extracts of dates have antioxidant, antimicrobial and antimutagenic activities, [7] [8] [9] [10] [11] and dates are considered as a good source of antioxidants, 12 with high levels of polyphenols as compared with other dried fruits. 13 Phenolic compounds and carotenoids found in dates provide them with their antioxidant activities to neutralize free radicals. 14, 15 Phoenix dactylifera are known to contain a wide range of phenolic compounds, including p-coumaric, ferulic, and sinapic acids; flavonoids; and procyanidins. 7, 16 In addition, other studies indicated that Ajwa also contains 13 flavonoid glycosides of luteolin, quercetin, and apigenin at various levels of their maturity. 15, 17 Research showed that dates have a strong potential for scavenging of free radicals and as such limit cancer progression and development. 14, 18 The anti-inflammatory, antihyperlipidemic, and antioxidant activities of bioactive compounds in Ajwa and Ajwa seed extract have been reviewed. 6, 19 The total polyphenols content of water extracts of Ajwa was the highest as compared with other kinds of dates. 20 In a study to evaluate the anticancer activities of Libyan dates, it was reported that glucan, which is extracted from dates, had an anticancer effect related to the existence of (1-3) β-dglucan linkages. 21 In another study, dates demonstrated antilymphoma activity. 15 Pediatric patients with cancer are immunocompromised, and as such, they are susceptible to many microbial infections that can have a detrimental effect on their life and the outcome of their treatment. For this reason, this study was undertaken to evaluate the effects of Ajwa in the diet as integrative therapy on the microbial infections for pediatric cancer patients admitted to the Pediatric Hematology/ Oncology unit at King Abdulaziz University Hospital, King Abdulaziz University, in Jeddah, Saudi Arabia. This is the first clinical trial with Ajwa as a supplement to standard of care in pediatric patients with cancer.
Methods

Study Population
This study was a nonrandomized controlled trial of pediatric cancer patients attending King Abdulaziz University Hospital from 2008 to 2017. The study was conducted in accordance with and after approval from the ethical committee at our university (King Abdulaziz University). The pediatric patients' guardians signed the consent form on their behalf. See Figure 1 for the screening for this study among the pediatric cancer patients. A total of 200 patients were screened. Patients were eligible to be enrolled in the study if the patient or the patient's family consented to be involved and if the patient fulfilled the inclusion criteria, had no allergy to Ajwa, and was not enrolled in another study (Table 1) . Of the 200 patients, 56 were included and 144 were excluded. Of those 56 patients, 26 (46.43%) agreed to take Ajwa and 30 (53.57%) served as controls and did not take Ajwa. Ajwa dates were purchased from a local market in Jeddah, KSA, and were organic in nature.
In the Ajwa group, patients were given one piece of Ajwa with breakfast as a test dose daily. If they did not show any allergic reactions, Ajwa intake was increased to 3 pieces daily, taken with their daily breakfast for the whole duration of the standard treatment, including chemotherapy. The average weight of Ajwa intake was 7.33 ± 0.399 g. Patients were managed during chemotherapy and in between courses of chemotherapy per febrile neutropenia guidelines, with partial septic screening being done with every episode. Antibiotics were given during febrile neutropenia episodes per guidelines of the febrile neutropenia management protocol. Regular Ajwa intake was followed during the whole treatment period. Patients were administered Ajwa while they were undergoing chemotherapy/ radiotherapy for the whole course of treatment under the supervision of the attending physician. While at home, parents monitored the Ajwa intake daily for their children. Study group patients were observed for the frequency of infections, febrile neutropenia episodes, number of days of hospitalization for supportive care of infections, and any treatment-related morbidity.
Bacteriological and Fungal Analyses
Bacterial isolates from blood were analyzed using an automated blood culture system (Bact/Alert, Organon Teknika Corp, Durham, NC). Positive samples were cultured on different selective media, including blood agar, chocolate agar, MacConkey agar, and Sabouraud dextrose agar [SDA]; (Saudi Prepared Media Laboratories, Riyadh, KSA). The inoculated plates were incubated in an ordinary incubator for a period of 18 to 24 hours (MacConkey agar and SDA at 35°C-37°C); however, in the case of cultures on blood agar or chocolate agar, they were incubated at 35°C to 37°C in a 5% to 10% CO 2 incubator. Culture bottles positive for yeast cells were subcultured on SDA and incubated in an ordinary incubator for 18 to 24 hours at 35°C to 37°C. 22 Primary organism identification was done with matrixassisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) on a VITEK mass spectrometer system (BioMerieux, Inc, Marcy l'Etoile, France). MALDI-TOF-MS was used as a rapid method for bacterial and fungal identification from microbial cultures. 23 Final organism identification (bacterial and fungal) and antimicrobial susceptibility testing (AST) were done using a Vitek-2 system (BioMerieux, Inc). Further identification, and AST and minimum inhibitory concentration (MIC) for antimicrobial activity were also carried out using the Vitek-2 system according to the manufacturer's protocols. 24, 25 According to CLSI guidelines that we follow in our Microbiology Lab regarding identification and AST of the isolated organisms from different specimens, yeast is completely identified with complete antifungal susceptibility in blood, sterile body fluid, and tissue samples, but isolated yeast of samples from other body sites such as sputum, midstream urine, and superficial wound are identified as yeast or Candida albicans or nonalbicans, and further identification and susceptibility is on physician request. The already isolated and identified Candida nonalbicans from blood samples of patients included in this study with antifungal susceptibility were C parapsiliosis and C dublinensis.
Urine samples were cultured on blood agar and MacConkey agar only; stool samples were cultured on selenite broth medium for 6 hours, and subcultured on xylose lysine deoxycholate agar medium; respiratory samples and swabs from different sources such as wounds, and superficial and deep skin lesions were processed and cultured on blood agar, MacConkey agar, or chocolate agar plates. All plates were incubated at 35°C to 37°C in an ordinary incubator for 18 to 24 hours; then, the organism's identification and AST were determined using the Vitek-2 system. 24, 25 
Serological Diagnosis of Varicella-Zoster
Identification of IgM against varicella-zoster virus (VZV) was carried out with ELISA (NovaTec, Immundiagnostica, GmbH, NovaLisa, Dietzenbach, Germany) according to the manufacturer's instructions. In all, 100 µL of each control was dispensed into the respective wells. Then, 100 µL of diluted sample was dispensed into its respective well and the last well (A1) for the substrate blank, which had no reagents. All wells were incubated at 37°C for 1 hour. Then, the contents of the wells were aspirated, and the wells were washed 3 times. A total of 100 µL of VZV anti-IgM conjugate was dispensed into all wells except for A1 and was 
Inclusion Criteria Exclusion Criteria
Agrees to intake of Ajwa Refuses intake of Ajwa Not participating in another study Participating in another study Signed the consent to participate in the study Refused to sign the consent to participate in the study Eligible for treatment even in advanced stage or first relapse Terminal or palliative status incubated at room temperature. This was followed by aspirating the contents of the wells and washing them 3 times. Also, 100 µL of 3,3′,5,5′-tetramethylbenzidine substrate solution was dispensed into all wells and incubated for 15 minutes at room temperature in the dark; then 100 µL of stop solution was added into all wells followed by measurement of sample absorbance at wavelengths of 450/620 nm within 30 minutes with the ELISA microwell plate reader.
The sample was considered positive if its absorbance value was higher than 10% over the cutoff value. 26 
Statistical Analyses
Categorical data are described as frequencies and percentages, whereas continuous data are described as means and SDs. To assess the relationship between demographic and clinicopathological variables and the outcomes (infection rates and positive cultures, hospital admissions for febrile neutropenia, prolonged hospital admissions, off treatment, and mortality), the t-test, ANOVA, and χ 2 tests were performed. The effect of Ajwa intake and mortality is presented as relative risk, absolute risk reduction (ARR), and number needed to treat (NNT) together with 95% CIs. Kaplan-Meier survival curves and the log-rank test were used to analyze mortality, stratified by Ajwa intake. Hazard ratio for Ajwa intake group compared with the non-Ajwa group was estimated using Cox regression. Data were analyzed using Stata version 13.0 (Stata Corp, College Station, TX), where tests were 2-sided, with 95% CI, and P < .05 was considered significant. All analyses were based on the intention-to-treat.
Results
Study Population
The study group was half male and half female, with a mean age of 9.1 ± 4.1 years. The majority (41%) of the patients came from Western Asia, 32% from Southeast Asia, 18% from Africa, and 9% from Southern Asia. A total of 68% of the patients had hematological cancer, and 32% had nonhematological cancer, including brain, Wilms, and neuroblastoma tumors. Most of the patients (73%) were at advanced stages, and 82% were not on radiotherapy ( Table 2) . Table 3 shows the number of infections with and without Ajwa supplementation. Staphylococcus aureus (methicillin-sensitive Staphylococcus aureus), Enterococcus faecium, E faecalis, and coagulase-negative Staphylococcus were significantly lower in the Ajwa group than in the non-Ajwa group.
The effect of Ajwa intake on infection rate is listed in Table 4 , showing a decrease after Ajwa intake in the infection rate for most of the organisms. The effect of Ajwa intake on infection rates and frequency of hospital admissions related to fever and neutropenia is shown in Table 5 . Patients in the Ajwa group had significantly lower infection rates compared with patients in the non-Ajwa group (P < .001). Similarly, hospital admissions related to fever and neutropenia were lower in Ajwa patients compared with non-Ajwa patients (P = .009).
In analyses adjusted for sex, age, ethnicity, diagnosis, type of cancer, relapse, and radiotherapy status, the association between prolonged admission and being off treatment to Ajwa is displayed in Table 6 . Ajwa intake was associated with decreased odds ratio of prolonged admission (adjusted odds ratio = 2.6; 95% CI = 0.7-0.9; P = .002). Table 6 shows that patients on Ajwa as a supplement to their ongoing conventional therapy had a better survival rate as compared with controls (P = .005).
Of the 30 participants in the non-Ajwa group, 13 died. This is in contrast to the Ajwa group, where all survived. The main causes of death for the 13 deceased patients were disease progression associated with infection (76.9%), infection (7.8%), cardiac failure (7.7%), and disease progression (7.6%). Ajwa intake was associated with decreased relative risk of death (adjusted odds ratio = 0.12; 95% CI = 0.02 to 0.86; P = .01); ARR = 0.23 (95% CI = 0.14) to 0.5; and NNT = 3.1 (95% CI = 2 to 7.3). Patients on Ajwa had a significantly lower mortality, with log-rank P = .005 (hazard ratio = 0.1, 95% CI = 0.01-0.74, P = .024; Figure 2 ). All patients were on chemotherapy, whereas radiotherapy was applied based on the chemotherapy protocol. Mean age ± SD = 9.1 ± 4.1 years.
Discussion
The use of chemotherapy and radiotherapy in the treatment of pediatric cancer patients results in adverse side effects as well as bacterial infections, which may be recurrent and will compromise the outcome of the treatment. 27 Diet supplementation with Ajwa dates is an adjunct treatment that showed enhanced efficacy of the conventional treatment. The dates may have antileukemia and/or antimicrobial activities. One of the most serious problems that cancer patients suffer from is the antimicrobial resistance of certain organisms. Such a resistance may lead in many instances to the demise of the patient. Research on Phoenix dactylifera has shown that it plays a significant role in the prevention and/or treatment of bacterial, fungal, and viral diseases. 28 The current study did not examine the bioactive ingredients responsible for the antimicrobial activities of the dates achieved in correlation with blood levels of the bioactive ingredients. Additionally, eating the dates twice a day (3-5 dates) rather than what was done in the current study, where the date regimen was once a day in the morning with breakfast (3-5 dates), might shed light on attaining the same or greater benefits when given twice versus once a day.
The antibacterial efficacy of Ajwa has been reported in the literature. For instance, methanol and acetone extracts of leaves and pits from Phoenix dactylifera resulted in inhibition of growth of Fusarium species and Gram-positive and Gram-negative bacteria. [29] [30] [31] In a study on the antimicrobial activity of extracts of Phoenix dactylifera against Klebsiella pneumoniae and Escherichia coli, results showed positive effects, and its use resulted in reducing the side effects associated with methylprednisolone. Those extracts also had antibacterial effects against enteric bacteria such as Enterococcus faecalis, which are considered a main source of infection in immunocompromised individuals such as leukemia patients. 32 The antibacterial activity of Phoenix dactylifera could be related to the composition of the different parts of the plant, which include agents known for their antibacterial properties such as alkaloids, flavonoids, and tannins. In a study by Perveen et al, 33 the antibacterial activity of crude water, methanol, and acetone extracts of pits and seeds of 33 In a study by Al-Daihan and Bhat 34 using aqueous, methanol, and acetone extracts of leaves, seeds, fruits, and bark of the date tree, results showed a potent effect against both Gram-positive (Staphylococcus aureus, Streptococcus pyogenes) and Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa) as measured using a disc diffusion method. Data indicated that any extract from different parts of the plant had an antibacterial potential. Less efficacy was noted in aqueous extracts as compared with methanol and acetone extracts. Extracts using the parts that are exposed to light, such as the fruit and leaf, had better antibacterial activity than extracts of those not exposed to light. The best results for bacterial inhibition were noted with acetone fruit extract and methanol leaf extract, with best efficacy noted against Staphylococcus aureus and Escherichia coli, respectively. Phytochemical analysis indicated that carbohydrates and alkaloids were found in all parts of the tree and flavonoids, steroids, saponins, and tannins were only present in certain specific parts of the tree. 34 It has been also documented that pits are more effective than other antibiotics, and it is reported to be a result of differences in resistance of bacteria. Methanolic pits extract of Phoenix dactylifera also has activity against Escherichia coli and K pneumoniae. 8, 35 Ajwa has also been investigated as an antifungal and found to have an effect. Flavonoids, tannins, alkaloids, and coumarins were detected in the rachis extracts of 8 date palm Phoenix dactylifera cultivars analyzed with phytochemical screening and bioautography against Fusarium oxysporum f sp albedinis (Foa). The best antifungal activity was mostly obtained with dichloromethane extract of the cultivar "Bent-Cherk" rachis followed by the ethyl acetate extract of the cultivar "Rotbi" rachis. 36 Bokhari and Perveen 30 evaluated the antifungal potential of water, methanol, and acetone extract of leaves and pits of Phoenix dactylifera against 7 pathogenic fungi (F oxysporum, Fusarium sp, F solani, Aspergillus flavus, Alternaria alternata, Alternaria sp, and Trichoderma sp) using the standard agar well diffusion and dilution methods. Methanol extract showed the most potency against Alternaria alternata, whereas water extracts had no effects on the growth of these fungi. Methanolic extracts had a more potent antifungal activity against all the test fungi except for Aspergillus flavus as compared with acetone extracts. The results strongly demonstrated that 2 tested varieties of Phoenix dactylifera extracts had pronounced antifungal properties. Variations in the inhibition noted may be related to the levels of the phytochemicals present in those 2 varieties. 30 Studies conducted by us show that antioxidants such as vitamin C, l-lysine, and green tea extract epigallocatechin-3-gallate play an important role in the induction of apoptosis in both HTLV-1 positive and negative malignant T-lymphocytes. 7, 37, 38 In addition, we showed that synergism occurs among these antioxidants and results in better efficacy. 37 Other published work indicated that plant phenolic compounds such as flavonoids are potent antioxidants and have anticancerous potential. 39, 40 The use of Ajwa fruits as a supplement in the treatment regimens of leukemia patients warrants further investigations. Large-scale clinical trials are required to elucidate this novel finding.
Conclusions
Patients with cancer are immunocompromised and as such are susceptible to many infections, which will have an impact on treatment. In this study, Ajwa was used as integrative or adjunct therapy together with standard treatment. This adjunct therapy is safe, effective, and affordable and helped improve the outcomes of the standard therapy.
Based on our results, it would be prudent to consider the use of Ajwa as an adjunct treatment to reduce microbial infections, which could result in better outcomes with conventional treatment in those pediatric patients who are undergoing cancer treatment. It is likely that the adverse effects of conventional treatment will be reduced with Ajwa as adjuvant treatment. Using Ajwa is likely to be a safe, effective, and affordable approach of supplementation in pediatric cancer management. Ajwa dates are a natural, safe nutritional substance, and we recommend regular Ajwa intake with standard cancer treatment as an integrative approach. 
